Abstract
dysmoder. Our observations point out that both species are more affected by soil structure 1 than by pollution. the topsoil, but in the latter case organic matter is poorly humified (Bengtsson and Rundgren, 23 1988; Coughtrey et al., 1979; Gillet and Ponge, 2002) . In polluted soils, the high mobility of 24 metals can be explained by (1) an excess of metal load as it was observed near petroleum 25 (Adeniyi and Afolabi, 2002) and smelting complexes (Denaix et al., 2002) , and (2) soil 26 acidification by nitrogen and sulphur deposition (Tomlinson, 1983) . The last parallel lies in poplar (Gillet and Ponge, 2002) , a tree which is well-known for the high tannin content of its 1 foliage (Lindroth et al., 2002) .
3
In spite of the toxicity of acid soils to a lot of invertebrates (Ponge et al., 1997) , no 4 decrease in density and local diversity was observed in collembolan communities (Loranger 5 et al., 2001 ). This observation can be attributed to physiological adaptation to acid conditions 6 which could be inherited from Palaeozoic times (Ponge, 2000b) . Indeed, to live in an acid polluted as well as acid and neutral soils (Hågvar and Abrahamsen, 1990 In order to study attraction/repulsion behaviour rather than reproductive success of 8 Collembola and to avoid food shortage, a short-term experiment in the laboratory was done.
10
The polluted soil used in our experiment was collected in June 2001 from the Bois 11 des Asturies at Auby (Nord, France). This poplar plantation, located near to and downwind of 12 a zinc smelter, suffers from heavy pollution by zinc, lead and cadmium. The topsoil was 13 collected from plots P1, P2 and P3, which have been already described by Gillet and Ponge 
18
invertebrates only. The total amount of zinc decreases from P3 to P1 whereas the total 19 amounts of Pb and Cd are similar at P2 and P3 and lower at P1. On plot P1 we used the top 20 10 cm of the carbon-rich organo-mineral A horizon and on plots P2 and P3 we used the top 21 10 cm of the organic OM horizon (Ponge et al., 2000) .
23
The acid humus was collected at the same time in a mature beech forest (Fagus 24 sylvatica) at Willerzie (western Ardennes, Belgium), at 445 m altitude. This forested site,
25
which is located 130 km from the polluted site, has been described and studied by Ponge et 26 al. (1997) and Ponge (1999 Ponge ( , 2000a as Site N°16. The humus form is a dysmoder (Brêthes et al., 1995) , with an OH horizon more than 1 cm depth. We used a mixture of holorganic OF 1 and OH horizons from the dysmoder after the OL horizon had been discarded.
3
The experiment was conducted in 65 mm high polystyrene boxes measuring 175x115 4 mm divided in two compartments by a wall pierced with 2 mm diameter holes at a rate of 400 5 holes per wall. The division allowed free passage by micro-invertebrates but prevented 6 physical contact between soils in adjacent compartments. On the same day the two 7 compartments of each box were filled with intact topsoil horizons with their original fauna, 8 one coming from the acid beech forest and the other from one of the three polluted plots.
9
Different combinations were established with five replicates each (Table 1) . Microcosms
10
were incubated at 15°C in darkness during three weeks. At the end of the experimental 11 period, Collembola were extracted by the dry-funnel method (Edwards and Fletcher, 1971) 12 and identified to the species level under a light microscope at 400x magnification using Gisin (1960) , Stach (1960 Stach ( , 1963 , Deharveng (1982) , Fjellberg (1992) and Hopkin (in prep.).
13
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Chemical analyses
17
Five soil cores 5 cm diameter and 10 cm depth, litter included, were collected with a 18 core sampler in May 2002 at each of the three polluted plots (P1, P2, P3). They were air-available zinc (Suter et al., 2000) , 50 ml of an equal mixture of 0.1 M Na 2 EDTA.2H 2 O and 1
23
M NH 4 Ac were added to 5 g of soil, shaken for two hours, filtered and diluted ten times to 24 avoid particulate metal deposition. All filtrates were kept at 4°C until analysis. Zinc was 25 detected by Inductively Coupled Plasma Atomic Emission Spectroscopy (ICP-AES) at 26 =213.856 nm according to the method by Weissenhorn et al. (1995) . For analysis of hour, filtered and diluted to 1/10. Then the filtrate was analysed for zinc by the above 1 mentioned method. Zinc extracted by the EDTA-acetate method includes exchangeable zinc 2 since in both procedures the ammonium ion displaces the metal from sorption sites (Tan, 3 1982) . The amount of zinc bound to organic matter and metal hydroxides was determined by 4 subtracting exchangeable zinc from EDTA-acetate zinc. The water-soluble zinc was 5 analysed after shaking 50 ml of deionised water with 5 g of soil for one hour and filtered 6 through 0.45m. The water-soluble fraction was subtracted from exchangeable zinc 7 measured as above, in order to give a more reliable estimate of zinc reversibly sorbed to 8 mineral and organic matter.
10
The pH of the dysmoder was measured in water and in potassium chloride according 11 to ISO 10390 (AFNOR, 1999 
9
To test for the significance of correlations and observed effects, Spearman correlation coefficients and one-way analyses of variance (ANOVAs) followed by Newman-Keuls tests 11 were used at the 0.05 level of probablility for rejection of null hypothesis. Non-parametric
Chemical analyses
18
The dysmoder was characterised by a pH H 2 O of 4.4 and a pH KCl of 3.3 (Table 2 ).
19
The difference (delta pH) of 1.1, compared to 0.5 only in the polluted Auby soils, points out 20 that the acidity linked to soil particles was more important in the acid soil than in the polluted 21 soil. The pH H 2 O (6.8) and the pH KCl (6.3) were far higher in the polluted soil than in the 22 dysmoder, thus potential colonists from the acid soil have to struggle against a pH increase.
24
Zinc was by far the most abundant heavy metal in the Bois des Asturies, which 25 explains why measurements of heavy metals were done only on this metal. The maximum 26 amount of bio-available zinc found in our samples was 22 600 mg kg -1
. The amount of EDTA-oxides was the dominant form of EDTA-acetate zinc, amounting 94% at P1, 84% at P2 and 1 91% at P3, followed by exchangeable zinc (5.7% at P1, 15.1% at P2 and 8.1% at P3) and a 2 little content of water-soluble zinc (0.5% at P1, 0.6% at P2 and 0.5% at P3). Table 4 lists the collembolan species found at the end of the experiment, classified 8 according to the sites (Auby and Willerzie) from which they are issued. Eleven species were 9 common to both sites, 21 were only present in the Ardennes and 10 were only present in the Bois des Asturies. The total species richness in the compartments with polluted soils (22 11 species) compared well with that of the field community (21 species) as described by Gillet
12
and Ponge (2003) on the same number of replicates.
14
Correspondence analysis showed that after three weeks the species composition of 
17
At the species level, Folsomia quadrioculata from the Ardennes colonised 18 compartments filled with polluted soils (Fig. 4) . When in contact with the three polluted soils 19 collected in the Bois des Asturies, it colonised P2 to a greater extent than P1. The behaviour 20 of Protaphorura eichhorni was somewhat different (Fig 5) . The number of animals passing to 21 the polluted compartment decreased from P1 to P3. Other acid-tolerant species showed a significant passage from the unpolluted acid soil to the polluted soils, namely Lipothrix 
19
Collembola are more tolerant than other species to life in metal-polluted soils. However, the 20 absence of Folsomia quadrioculata in the most polluted site studied by Bengtsson and compartments was low point out that we need more knowledge on the genetic variation 23 within species such as Folsomia quadrioculata sensu lato. This group of species is known to 24 live in acid as well as in neutral soils (Ponge, 1993), thus we can speculate that it exhibits a 25 wide variation in its adaptation to metal pollution as this has been demonstrated in Our study showed a great variability between collembolan species in their rate of 1 colonisation of polluted soils. According to Johnson and Wellington (1983) the colonisation of 2 a new habitat is performed by "dispersers", which are individuals feeling obliged to disperse.
3
They explained this behaviour and the variability in dispersion rates by the age of individuals.
4
Younger Collembola tend to stay in the vicinity of the oviposition site, while older individuals 5 tend to go away, spreading their eggs over a wide area. Consequently, it was probable that,
6
at the time we collected our experimental soil, some species were represented by a majority 7 of adults (dispersers) and some others by a majority of juveniles with a poor colonisation 8 capability. Moreover, it exists a large between-species variation in the dispersion rate, which 9 depends on both biological and environmental conditions (Joosse and Groen, 1970;  10 Hertzberg, 1997).
12
Multivariate analysis indicated that the colonisation of the polluted soil by acid-tolerant
13
Collembola differed for the soils taken at different distances to the smelter, and that
14
Protaphorura eichhorni better colonised the less polluted site P1, while the contrary was Folsomia quadrioculata, live in well-aerated environments such as litter and mosses (Ponge, tolerant (Folsomia quadrioculata) species were all able to colonise metal-polluted soils but 1 they also seemed affected by the physical structure of the topsoil thus by the humus form.
3
The influence of other soil fauna groups, like predator-prey interactions, on the 4 dispersion of Collembola cannot be discarded in our experiments. For instance, some 5 collembolan species could escape the acid dysmoder towards the polluted soil, because of a 6 reduced impact of predation in an adjacent polluted compartment. However, this kind of 7 interaction is unlikely, because another study on the same polluted site (Gillet and Ponge 8 2003) revealed that predators of Collembola were abundant in the three plots P1, P2 and P3.
10
Our study did not demonstrate any attraction of acido-tolerant or acidophilic species 11 to the polluted soil. Species from the Belgian Ardennes were found in much lower densities 12 in adjacent comparments filled with polluted soils (Table 5) , which showed that they preferred 13 the acid soil from which they originated. However, at the end of the three-week experiment, 14 these species increased the species richness of the polluted soils, which more than doubled 15 at the medium level of contamination P2 (Fig. 3) . Thus the answer to the title question is yes,
16
at least in the short-term.
18
Another question is whether tolerance to heavy metal toxicity and tolerance to acidity 
